The flavor profile, flavor enhancement, and saltiness modulation of Szechuan pepper (Zanthoxylum simulans) were analyzed to evaluate its effectiveness in lowering salt usage. The saltiness enhancing efficiency of Szechuan pepper and its salt-reduction properties were determined to be 28.74% and 22.32%, respectively. The saltiness enhancers were detected in the polar fraction and taste dilution analysis combined with half-tongue test determined the most potent saltiness enhancing components in chromatographic subfractions. Both spectroscopic analysis and sensory evaluation disclosed NaCl as the unexpected primary contributor of saltiness enhancement in this spice. It is the first known study revealing Szechuan pepper's high salt content.
Introduction
The global overconsumption of salt is widely recognized for contributing to hypertension and cardiovascular disease. [1, 2] Strazzullo et al. (2009) [3] also concluded that high salt intake increases stroke risk. Therefore, an effective saltiness enhancer which reduces consumers' desire for additional salt would undoubtedly prove beneficial to health worldwide. There are three strategies for reducing salt intake: consumer awareness of salt-related health risks, product-structural modification, and chemical stimulation for increased food flavor. [4] The first two strategic elements would likely lower certain product's sales as consumers either switch to low-sodium diets or no longer enjoy the flavor of products with reduced salt. The ultimate solution is to increase consumers' perception of food saltiness and overall flavor.
Physical applications have been introduced to enhance saltiness perception. Saltiness intensity of sodium chloride solution increased with the presence of a weak cathodal current to the tongue [5] or by reducing solution temperature. [6] At a more practical level for consumables, several chemical compounds are capable of enhancing the perception of saltiness and is therefore, the preferred method in improving food taste while minimizing sensory quality. The mechanisms involved that enhance saltiness is still under investigation as the biology of saltiness perception remains incomplete. Some pathways, however, have been discovered. Methyl xanthenes heightened saltiness among humans by blocking the receptors of the relaxant adenosine. [7] Bretylium tosylate increased the number of open epithelial Na + channels which enhanced saltiness. [8, 9] Condiments and other food ingredients have also been studied regarding the saltiness enhancing characteristic. Both soy sauce and meat broth containing amino acids and esters, such as ornithyl-β-alanine, [10] glycine methyl, [11] and alapyridaine [12] provided not only saltiness but also enhanced its effect. Szechuan pepper (Zanthoxylum simulans), when mixed with chili, lowered the amount of salt desired for flavor as well. [13, 14] Rubemamine, rubescenamide and zanthosinamide in Zanthoxylum rubescens were patented to potentiate tastes in a mixture of umami, kokumi, and salty. [15] The combination of rubemamine and monosodium glutamate (MSG) also increased the saltiness intensity of beef extract. [16] However, there is limited information regarding Szechuan pepper on the overall matter of perceived saltiness. Prior to this research, Szechuan pepper salt-enhancing components had neither been isolated nor structurally identified. Additionally, the worldwide popularity of exotic spices for food flavoring prompts further investigation regarding its effectiveness and mechanisms in taste perception. The aim of this study was to identify the saltiness enhancers in Szechuan pepper via chromatography combined with taste dilution (TD) analysis. The research outcomes could lead to reduced salt content in foods, lower sodium consumption in consumers, and therefore lower the global risk of sodium-induced diseases.
Materials and methods
Four Thai brands of Szechuan pepper (A, B, C, and D) were purchased from local markets (Bangkok, Thailand). Two Chinese brands (E and F) were collected from Szechuan, China. Samples A, B, and C were leading retail brands and sample D was a top wholesale brand. Sample A was used for the entire study. Only the pericarp was used in this research after removing the black seeds. The foods and references used in sensory evaluation were obtained from a local supermarket. The solvents for chromatographic separation were high-performance liquid chromatography (HPLC) grade. The sensory evaluation in this research was approved by the Kasetsart University Research Ethics Committee (code number COE60/002).
Analysis of flavor properties
Evaluation of flavor profile Szechuan peppers obtained from different manufacturers and forms (powder, semi-ground, and whole) were used for the training session following the same procedure as Meilgaard et al. (2007) . [17] The semi-ground and whole samples were powdered via blender. Individual samples were added to drinking water (2 g/100 mL) and the mixtures were filtered to collect homogeneous clear solutions. The samples in both powder and solution forms were served to a panel in 2-oz capped white disposable plastic cups labelled with random 3-digit codes. The panel was first asked to evaluate the aroma of powder samples and then to detect the taste and flavor of the solution while using nose clips. The palate cleaning process was carried out using white bread and drinking water. Sensory descriptive terms were developed and defined. Reference samples were also selected according to the panel's suggestion and agreement. The intensities were rated on a typical 15-cm line scale (0 = none and 15 = extreme) according to the literature. [17] Once the attributes (Table 1) were established and reproducibly applied for all flavor characteristics, the testing session began. Sample A was prepared and provided to the panelists in the same manner. The 10 panelists (3 males and 7 females, between 22 and 34 years old) scored all attributes in individual booths. Evaluations were performed in duplicate on different days. Attribute means were illustrated using a radar chart.
Evaluation of food flavor enhancement
Food samples including fried potato stick, chicken broth, chicken creamy soup, and pasta sauce were used to observe flavor enhancement by Szechuan pepper. All samples were prepared according to manufacturer instructions. Ground Szechuan pepper A was added to reach 1% (by weight) in all samples. Ten grams of sample was prepared in 6-oz capped white disposable plastic cup labeled with a random 3-digit code. The pasta sauce was served with 10 g of pasta. Samples with and without Szechuan pepper were served in balanced random order to 30 untrained panelists (10 males and 20 females, between 22 and 40 years old). The panel selection and rating test were conducted according to the literature. [17] The panel rated the overall food flavor intensity using a 9-point category scale (0 = none, 2 = light, 4 = moderate, 6 = strong, and 8 = extreme). A 2-min forced break was given between samples and a cleaning palate process was performed to reduce carryover effect. Paired sample t-test using SPSS (IBM, version 16) was carried out to compare the intensities of food samples with and without the addition of Szechuan pepper.
Investigation of saltiness enhancing property
Evaluation of saltiness enhancing characteristic The saltiness enhancing ability of Szechuan pepper was measured for fried potato sticks via a 2-alternative forced choice (2-AFC) test using 30 untrained panelists (10 males and 20 females, between 22 and 40 years old) following method by Kroeze. [18] Frozen potato sticks were deep-fried in vegetable oil and seasoned with 1% salt (NaCl) (Thai Refined Salt, Bangkok, Thailand) and/or 1% ground Szechuan pepper. Panelists wore nose clips during tasting in darkened individual booths. A cleaning palate process was performed before testing each sample. The saltiness intensity of fried potato sticks with a 1% salt was compared to those with the combination of 1% salt and 1% Szechuan pepper. Another 2-AFC test compared unseasoned potato sticks with potato sticks seasoned with 1% pepper. The significant differences of saltiness intensity in both tests were assessed using a chi-squared analysis.
Determination of saltiness enhancement level A 2-step rating test [19] was performed to assess the level of saltiness enhancement in fried potato sticks. First, 11 trained panelists (3 males and 8 females, between 22 and 34 years old) worked on four randomly coded samples of seasoned potato sticks of different salt concentrations (0.5%, 1.0%, 1.5%, and 2.0%). The panelists rated the saltiness intensity of the randomly served samples on a 9-point category scale (0 = none, 2 = light, 4 = moderate, 6 = strong, and 8 = extreme). The mean intensities of different salt concentrations were plotted as a calibration curve. Fried potato sticks seasoned with the combination of 1% salt and 1% Szechuan pepper were presented to the panel in the second step. The panel rated saltiness intensity using the same category scale. The estimated salt concentration was calculated using a linear equation of the calibration curve. Saltiness enhancement efficiency and salt reduction were assessed by the Eqs. (1) and (2), respectively.
Saltiness enhancement efficiency ð%Þ ¼
Where x 1 was the percentage of salt used (1%) and x 2 was the estimated percentage of salt according to the calibration curve.
Identification of saltiness enhancing compounds
Sequential solvent extraction Szechuan pepper A was extracted by a series of solvents adapting from the procedure of Hufnagel and Hofmann (2008) . [20] Sixty milliliters of distilled water was added to 20 g of Szechuan pepper. Non-polar extract was obtained by using n-pentane (RCI Lab-scan, Bangkok, Thailand) (4 times × 20 mL) with a shaker (G24; New Brunswick Scientific, NJ, USA) at 200 rpm for 30 min at room temperature, followed by a centrifuge (Rotofix 46; Hettich Zentrifugen, Nevada, USA) at 5,000 rpm (4,844 × g) for 5 min. The sample was further extracted via ethyl acetate (EtOtAc) (Fisher Scientific, Loughborough, UK) (4 times × 20 mL) followed by water (4 times × 20 mL) using the above procedure to collect semi-polar and polar fractions, respectively. All fractions were evaporated at 60°C
, 72 mbar (Rotavapor R-114; Buchi, Flawil, Switzerland) and freeze-dried (Heto FD 2.5; Heto-Holten, Allerod, Denmark). The headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography-flame ionization detection (GC-FID) (HP-6890; Agilent Technologies, MA, USA) was performed to ensure that the dried samples were free from any solvents. Samples were prepared in 20-mL vials and incubated at 45°C for 10 min. SPME fiber, 50/30 µm DVB/CAR/ PDMS (Sigma-Aldrich, MO, USA), was used for 20 min to absorb the volatiles and was desorbed at 250°C of GC injection port. The volatiles were separated on a HP-5 column (30 m × 0.32 mm × 0.25 µm) (Agilent Technologies, MA, USA). The oven temperature was programmed to begin at 35°C and increase 10°C/min to 250°C. The initial and final hold times were 5 and 5 min, respectively. Helium was used as a carrier gas at a constant flow rate of 1 mL/min.
After dilution with 100 mL of ethanol (EtOH) (QReC Chemical, Auckland, New Zealand), the enhancing properties of each freeze-dried fraction was analyzed via half-tongue test by Schiffman et al. [9] and Bader et al. [21] Filter paper (1 cm × 2 cm) (Whatman, GH Healthcare Bio-Science, Uppsala, Sweden) was immersed in the sample before adding 10 µL of salt solution (1% w/w). The paper was placed in a hot air oven (ED 115; Binder, Tuttlingen, Germany) at 38°C and HS-SPME was used to check for complete EtOH removal. The blank sample was prepared in the same manner, with EtOH and a salt solution. Each fraction and blank sample were placed in balanced random order on the right or the left side of the anterior tongue of panel (n = 2). Trained panelists were asked to indicate the side with the higher saltiness intensity. The fraction indicated by all panelists was considered for further analysis.
Gel permeation chromatography
Five grams of the chosen freeze-dried water-soluble fraction was diluted with 10 mL of 40% (v/v) methanol (Avantor Performance Materials, Gliwice, Poland) aqueous solution (MeOH/H 2 O). It was then microcentrifuged (Eppendorf 5415 R; Sigma-Alrich, MO, USA) at 10,000 rpm (19,376 × g) for 5 min and next membrane-filtered (0.45 µm) (Minisart RC 15; Sartorius, Hannover, Germany). Gel permeation chromatography (GPC) was performed via a glass column 50 mm × 500 mm (Bio-Rad, CA, USA) filled with Sephadex LH-20 (GH Healthcare Bio-Science, Uppsala, Sweden). The sample was eluted sequentially with mixtures of 40%, 50%, 60%, 80%, and 100% MeOH/H 2 O (1 L each) at a flow rate of 3 mL/min. GPC subfractions were collected every 50 mL, evaporated, freeze-dried, and checked for complete solvent removal as described above. They were re-dissolved in water to form 2 mL samples. The salty enhancing subfractions were analyzed via half-tongue tests and the taste quality of each was also recorded.
Taste dilution analysis
The saltiness enhancing subfractions were step-wise diluted with water at a 1:1 ratio for TD analysis. [22, 23] The serial ascending concentrations of each subfraction was presented to the panel for half-tongue testing. The TD factor, the last dilution at which the panel could detect the saltiness enhancing property, was recorded for each subfraction. The TD factors which did not differ by more than two steps were averaged from three panelists.
High performance liquid chromatography
The subfraction with the highest TD factor was freeze-dried and then dissolved to 0.05 g/mL in a 40% MeOH/H 2 O. The sample was micro-centrifuged, membrane-filtered, and injected onto a HPLC with a diode array detector (DAD). The components were separated on a Varian C18 reversed-phase column (250 × 4.6 mm × 0.25 µm) (Agilent Technologies, MA, USA). A gradient mobile phase, starting at 5% and increasing to 100% (v/v) MeOH in an aqueous formic acid solution (0.1%) (RCI Lab-scan, Bangkok, Thailand), was used at a flow rate of 1 mL/min. The holding times at the initial and final gradients were 5 and 60 min, respectively. UV wavelength was scanned from 200 to 400 nm.
Determination of chloride salts
The amount of chloride salts in the highest TD subfraction was determined by Mohr method. Freezedried GPC subfraction was dissolved in 100 mL of distilled water. This mixture were shaken vigorously and filtered to collect the clear solution. Two milliliters of potassium chromate were added and the solution was titrated with a silver nitrate (AgNO 3 ) solution until the first permanent appearance of red silver chromate precipitate. The concentration of chloride salt was calculated as NaCl. Szechuan pepper samples from various manufacturers (A, B, C, D, E, and F) were also analyzed.
Spectroscopic and ion selective electrode techniques
The presence of Na + and K + in sample A powder was quantified by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (Perkin Elmer Optima 2000; Plasma Atom Comp, Jarrell-Ash, Boston, MA, USA) based on the Association of Official Analytical Chemists methodology. [24] Fifteen milliliters of water was added to 1.5 g of Szechuan pepper and the mixture was shaken vigorously in a 100-mL Kjeldahl flask. The sample was then acid-digested with 10 mL of nitric and perchloric acids at a 2:1 ratio at 60°C. After cooling, this mixture was reheated to 200°C and digested several times. Elemental determination was reached using ICP-AES at wavelengths 589 nm for Na + and 766.5 nm for K + . Chloride ion content was detected via ion selective electrodes (ISE) based on American Public Health Association methodology. [25] Fifty milliliters of water was added to 1 g of Szechuan pepper powder in a 100-mL screw cap bottle. This mixture was shaken for 1 h and adjusted to 100 mL in a volumetric flask before filtering. The solution was stirred well and measured by the PerfecTion™ combined ISE filled with the Ion Electrolyte B Reference (Mettler-Toledo, Greifensee, Switzerland).
Validation of identification
The saltiness intensity of fried potato sticks with the combination of 1% salt and 1% ground Szechuan pepper A was compared to those with 1.1% salt by the 2-AFC test. The additional 0.1% salt in the latter sample was adjusted to the same content of NaCl in 1% Szechuan pepper A as the result from the chemical analysis. The test was conducted with 30 panelists (10 males and 20 females, between 22 and 40 years old).
Results and discussion

Flavor properties
Flavor profile Flavor attributes with definitions, references, and standard intensities were generated ( Table 1) . The Szechuan pepper A flavor profile is shown in Fig. 1 . There were four aromas, two basic tastes, and four flavor characteristics. Aromas were described as woody, camphor, citrus peel, and clove. In general, the food aroma corresponded to the volatile components present. Some volatile aroma compounds of the steam-distilled oil and liquid carbon dioxide extract of Zanthoxylum simulans fruit were α-pinene, sabinene, campene, β-caryophyllene, β-myrcene, α-terpinene, limonene, β-phellandrene, 1,8-cineole, β-ocimene, γ-terpinene, p-cymene, terpinolene, linalool, and α-humulene. [26] Despite insufficient information on the human detection of active aroma compounds in Szechuan pepper, odor descriptors of the aforementioned volatiles could be found in existing literature. The citrus peel scent of Szechuan pepper may be associated with limonene, described as having an orange-like and citrus odor [27] and was present in more than 95% of citrus peel oils.
[28] Some of the above compounds contribute to more than one aroma attribute. For an instance, 1,8-cineole was woody, camphoraceous, galangal-like and fruity. [27, 29] In contrast, some aromas may be the result of a combination of compounds. For example, β-pinene was described as woody in some mandarin cultivars [30] and α-humulene was labelled mildly woody [27] as well. Sabinene and campene were simultaneously described as camphoraceous. [27] Consequently, these compounds, being present in Szechuan pepper [26] , may contribute to these woody and camphor aromas. For taste attribute analysis, nose clips prevented physicochemical interactions between taste and aroma. [31] Further, the panel's taste sensitivity increased when using nose clips in comparison with those without. [32] Bitter and salty were the two basic tastes of Szechuan pepper (Fig. 1) . These two attributes along with umami, sour, metallic, and astringent, were also found in the study of alkyl aromatic amides in the stem and root extract of Zanthoxylum. [32] The presence of the taste-active compounds rubemamine and podocarpamide in that study probably contributed to the astringent flavor of Szechuan pepper.
Hydroxy-α-sanshool found in Zanthoxylum [33] might cause the reported numbing effect (Fig. 1 ). This compound was identified as the main sanshool in Zanthoxylum fruits while α-sanshool was dominant within their leaves and flowers. [34] Hydroxy-α-sanshool, having one cis and three trans double bonds in the molecule, was also described as pungent. [35] Pungency was defined by the ability to generate irritation and a sensation of chemical burning. [36] This may introduce a burnt-aftertaste in the flavor profile (Fig. 1) . In addition, the cooling effect of Szechuan pepper was noted in an article concerning the development of taste enhancement. [14] 
Food flavor enhancement
The flavor intensities of food samples with and without Szechuan pepper A are presented in Table 2 . All samples without Szechuan pepper scored at near-moderate intensities. The addition of Szechuan pepper significantly increased overall flavor intensities (p ≤ 0.05). Panelists found the greatest flavor increase in the creamy chicken soup and it should be noted that some commented on the chicken broth aroma with the Szechuan pepper addition. Flavor perception is a multimodal interaction between an individual's taste, aroma, and trigeminal systems. Changes in these components will affect the overall quality of perceived flavor. For example, an increase in the concentration of NaCl or MSG significantly enhanced food flavor in cheese models [37] , chicken stock, and soy sauce. [38] High salivary flow rate contributed to increased sodium release in foods and a faster saltiness perception. [39] Moreover, hydroxyl-α-sanshool, hydroxyl-β-sanshool, and Szechuan pepper extract were shown to provoke substantial saliva flow. [21] Thus, the increase of flavor intensity in this study might be due, at least in part, to the increased saliva induced by sanshool compounds. In addition, the Zanthoxylum family contained taste active compounds, such as (E)-N-(3,4-dimethoxyphenethyl)-3-(3,4-dimethoxyphenyl)-acrylamide (rubemamine), [15, 32] [32] which enhance umami and saltiness in foods. These taste sensations might have the enhancement impact of Szechuan pepper in food flavor.
(E)-3-(3,4-dimethoxyphenyl)-N-(3-methoxyphenethyl)-acrylamide, and (E)-3-(3,4-dimethoxyphenyl)-N-(3-propoxyphenethyl)-acrylamide,
Not only did flavor improve, but also saltiness increased when Szechuan pepper included as a food ingredient. It was reported to reduce the amount of salt used in food when mixing with chili. [13] The saltiness enhancing property of Szechuan pepper, therefore, has attracted great attention due to the health concerns of sodium overconsumption in the world population.
Saltiness enhancing property
Saltiness enhancing characteristic Fried potato sticks from the previous experiment were selected as the food model in this analysis being a common and highly consumed snack food. [40] Consumers usually add substantial quantities of salt, herbs and spices into the potato sticks. Snacks and sweets accounted for 8% of all sodium consumption. [41] In addition, Adam et al. (1995) [42] reported that the fewer ingredients contained in the food item, the greater perceived saltiness when salt is present. The relative plain taste of fried potato sticks would eliminate the other taste interference from the test result.
Unseasoned fried potato sticks were compared to those seasoned with 1% ground Szechuan pepper A to evaluate whether the salty property existed in pepper. The unseasoned sample's saltiness intensity was not significantly different from the seasoned ones (p > 0.05) ( Table 3 ). This result was not in agreement with its flavor profile in which the Szechuan pepper at higher doses tasted salty. Although the 2-AFC test was direct, simple, and focused on single attribute, [43] Szechuan pepper exhibited no saltiness by itself in common dose.
The 2-AFC test was also used to determine the saltiness enhancing property between fried potato sticks with 1% salt and those with the combination of 1% salt and 1% pepper. The latter sample was significantly saltier than the salted fried potato sticks (p ≤ 0.05) (Table 3) . Therefore, the pepper increased saltiness intensity without a significant salty taste suggesting that Szechuan pepper contained saltiness enhancers when combined with NaCl in fried potato sticks. Taste enhancers are compounds Used a 9-point category scale: 0 = none, 2 = light, 4 = moderate, 6 = strong and 8 = extreme (n = 30).
having the capacity to increase taste intensity of a substance when added to a substance [18] despite its not having that particular taste quality. [44] This finding could lead to salt reduction in foods, thereby decreasing the global risk of sodium-induced diseases.
Level of saltiness enhancement
The level of Szechuan pepper's saltiness enhancing ability was measured through a rating test where the mean saltiness intensity was plotted against different salt concentrations in fried potato sticks, creating a calibration curve (Fig. 2) . Regression analysis of the panelists' responses showed a linear correlation between saltiness intensity and salt concentration (r = 0.98, R 2 = 0.96). The fried potato sticks with the combination of 1% salt and 1% Szechuan pepper were scored at 4.09, significantly higher than those containing the same amount of salt (p ≤ 0.05). This was equivalent to 1.29% salt used or saltiness enhancing efficiency of 28.74%. This number was similar to that of arginyl dipeptides having a 26.8% impact in saltiness modulating activity. [19] Moreover, the addition of Szechuan pepper reduced the need of salt by 22.32%. In terms of public health, the average sodium intake of an American adult was 3,440 mg/day while the recommendation was 2,300 mg/day. [41] Utilization of this pepper could be equal to a 768 mg reduction in daily sodium intake. Laatikainen et al. (2006) [45] postulated that a 30-35% reduction in sodium would lead to a 75% drop in adult coronary heart disease mortality.
Saltiness enhancing compounds
n-Pentane-, ethyl acetate-, and water-soluble fractions were obtained from Szechuan pepper A by sequential solvent extraction. The saltiness enhancers determined by half-tongue test were present in a water-soluble fraction. The enhancer was successfully localized via the 2-AFC procedure. This study Figure 2 . Relationship between saltiness intensities and salt concentrations added to fried potato sticks (n = 11). showed that the half-tongue test was a suitable method for identifying low-concentration taste enhancers due to simplicity, rapidity, and the small amount of sample needed. Furthermore, this test offers a more direct, less memory-intensive method among test subjects. Two samples were tasted simultaneously side by side without a functionally asymmetrical effect of the tongue. McMahon et al. [46] reported that threshold sensitivity was relatively equivalent on the right and left anterior sides. One hundred subfractions were collected via the GPC from the polar fraction. The half-tongue test revealed 20 saltiness enhancing subfractions (Table 4) . Although these subfractions showed the saltiness enhancing property, interestingly they possessed different taste qualities including salty, umami, sweet, bitter, sour, and tasteless. According to TD analysis, the potency of saltiness enhancing compounds were classified into three groups. The first group was subfraction 14 with the highest TD factor of 107. The moderate potency group included subfraction 13, 95, and 96. The other lower TD subfractions belonged to the low potency group that may contribute a weak impact. The TD analysis is used to rank the importance of tastants according to their thresholds in a mixture. [22, 23] It is also applied in several studies concerning sweet, [47] kokumi, [48] and saltiness enhancers. [19] Subfraction 14, the highest potency enhancing part, was further analyzed by HPLC-DAD. Chromatography data showed several major compounds observed at λ max 254 and 300 nm. This result was due to GPC technique being the primary separation method for taste analysis. Since this subfraction had extremely salty characteristics (Table 4) as well, the presence of chloride salt as NaCl was determined by the Mohr method. Surprisingly, it was the major component of subfraction 14, being up to 66.91% of the mixture.
Chloride salt as NaCl was also investigated in Szechuan peppers from different sources. The peppers A, B and C were from various leading manufacturers, while D was a wholesale brand in Thailand. Samples E and F were from Szechuan, China. The results were in agreement with the subfraction analysis. All samples contained high amount of chloride salt ranging from 12.2 to 65.0 mg/g of Szechuan pepper ( Table 5 ). The Cl -is used in plant biochemical and physiological functions with Cl − concentrations in different parts of plants at 0.9-25 mg/g. [49] Since there is a number of NaCl-sensitive trees within the Rutacae family, [50] the high amount of chloride salt in Szechuan pepper may due to the tree variety involved. Salt contents in all the tested peppers from Thailand (except D) were significantly higher than samples from China (p ≤ 0.05). The difference Tasteless  2  56  Tasteless  1  60  Tasteless  2  82  Tasteless  2  83  Tasteless  2  84  Tasteless  9  92  Tasteless  5  93  Tasteless  1  94  Tasteless  8  95  Slightly umami  21  96  Slightly umami  21  97 Tasteless 3 a Referred to the order of subfractions collected by GPC from water-soluble fraction. b Averaged from three trained panelists. might be the result of varied soil conditions. Most soil in Thailand is saline [51] . [52] Notably, the Szechuan province is located in southwest China, far from the saline soil region. [53, 54] It should be noted that sample D, which had the lowest salt content among Thai brands, might be imported.
ICP-AES and ISE techniques were further employed to quantify chloride salts in sample A for specific, sensitive, accurate, and precise analysis. The experiment not only targeted NaCl but also KCl being generally present in trees. [55] NaCl was presumed to be the primary saltiness contributor in Szechuan pepper followed by KCl due to the typical salty taste. [56] DeSimone et al. (2007) [57] reported that Na + was prioritized by a salty taste transduction channel. Moreover, the recognition threshold of NaCl (0.047-0.050 g/100 mL) was lower than those of KCl (0.0822-0.107 g/100 mL). [58] It resulted in a higher impact of NaCl at the same concentration according to the taste activity concept. [59] The data from Table 6 showed that Cl -was the limiting ion for computing a balanced chemical equation. The result implied that Szechuan pepper contained only NaCl as salty tastant and the presence of KCl was negligible if present at all. Thus, there was 97.6 mg of NaCl in 1 g of Szechuan pepper.
Validation of identification
The authentication of chemical analysis was carried out by 2-AFC test. The saltiness intensity of fried potato sticks with the combination of 1% salt and 1% Szechuan pepper A was not significantly different from those with the equivalent amount of additional NaCl (p > 0.05) ( Table 7 ). This result indicated that NaCl was the most important component in the saltiness enhancement of Szechuan pepper.
Conclusions
Szechuan pepper has both flavor and saltiness enhancing properties. The identification of saltiness enhancers is achieved by sensory-guided chemical analysis. The most significant contributor to Accessed by 2-alternative forced-choice test (n = 30). b The additional 0.1% salt was adjusted to the same NaCl content in 1% Szechuan pepper A. saltiness enhancement in the pepper is successfully determined. Even though the enhancement of Szechuan pepper is affected by several compounds, it is dominated by high NaCl content. Hence, consumers who seriously desire to control their daily sodium intake should be aware of that fact when using this seasoning ingredient. Nutritionists and food scientists should consider this when researching and developing food products for specific markets as well. In addition, governmental authorities and health organizations should disseminate this information regarding Szechuan pepper NaCl content to promote and protect public health.
